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1. With regard to the language, this report is based on 

El the international application in the language in which it was filed 

□ a translation of the international application into , which is the language 
of a translation furnished for the purposes of: 

□ international search (under Rules 12.3(a) and 23.1 (b)) 
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Description, Pages 

1-20 as originally filed 

Claims, Numbers 
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Drawings, Sheets 

1/11-11/11 as originally filed 

□ a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing 
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1 . Subject-matter 

The invention pertains to an apparatus and method for fetal heart monitoring. 

2. Novelty 

Document D1 (US-A-4 510 944) is considered the closest prior art. It discloses a 
similar apparatus as defined in claim 1 . The device according to claim 1 differs from 
D1 in the feature d) of claim 1 and method step d) of claim 20. In particular, D1 does 
not teach dividing the fetal heart rate data into periods of time for polynomial curve 
fits for each period of time. 

D1 does not disclose these features. The other documents cited in the Search Report 
are more remote. Therefore, claim 1 is novel. 

3. Inventive step 

The problem, the differentiating features solve is how to perform a statistical analysis 
and data reduction of fetal heart rate development over time. 

The solution as defined in claims 1 and 20 by the differentiating features, has neither 
been disclosed, nor suggested in, nor rendered obvious by, any available document 
of the prior art. Therefore, claim 1 involves an inventive step. 
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CLAIMS 

1, An apparatus for fetal monitoring comprising i 

a) means for determining a fetal heart rate development Urer 
time, 

b) means for identifying a primary fetal heart rate 
which is required to shift a volume of blood from thl 
the cardiovascular system, 

c) means for subtracting the primary component from thl 
determined fetal heart rate to determine a residual component; 

. and 

d) means for using said residual component for analysiL !of the 
fetal heart rate beat-to-beat variation, : 

wherein the primary fetal heart rate component is 
identified through a polynomial curve fit approximatlok bf the 
fetal heart rate data, and by: 

(i) dividing the fetal heart rate data into periodl of time 
of a predetermined size; and 

(ii) performing individual polynomial approximatiojisj of the 
fetal heart rate data for each period of time. 

2. An apparatus as claimed in claim 1, wherein said me Lis for 
identifying the primary fetal heart rate component is Ldkpted 
to perform the following steps: j j 

(x) linear interpolation of recorded fetal heart 1 rite data; 

(ii) resampling at a resampling frequency, thereby forming 
a resampled series of fetal heart rate data, and; 

(iii) polynomial curve fit approximation of said rejsalnpled 
series. 

3. An apparatus as claimed in claim 1 or 2, wherein thl 
polynomial curve fit approximation utilises polynomialL 'of at 
least the 5th order. 
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4. An apparatus as claimed in claim 3, wherein said 
polynomials are of the 5th order. 

5. An apparatus as claimed in claim 3, wherein said 
polynomials are of the 12th order. 

• I i 

6- An apparatus as claimed in any one of the preceding claims, 
wherein the polynomial approximation is obtained through] i 
least squares approximation. 

I • 

7. An apparatus as claimed in any one of the preceding Jlaims, 
wherein each polynomial approximation is constrained,' sLjh that 
neighbouring polynomial functions align and have equal| Axst 
derivatives at the period border where they join. 

1 1 I 

8. An apparatus as claimed in any one of the preceding clllims, 
wherein the predetermined size is greater than or equa|l. U a 
time corresponding to 20 consecutive heart rate sample 

9- An apparatus as claimed in claim .7, wherein the 
predetermined size is a time corresponding to 20 conseLltive 
heart rate samples. 1 : 



10. An apparatus as claimed in any preceding claim, whlrkin 
the means for using said residual component for analysis' of 
the fetal heart rate beat-to-beat variation is adapted to! 
apply statistical tests for analysing the residual component 
in order to determine the response of the fetus. 



11. An apparatus as claimed in claim 10, wherein the 
statistical test comprises monitoring of a 95th percen 
the fetal heart rate residual component. 



:i!le of 
] 
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12 , An apparatus as claimed in claim 11/ wherein thei 

i 

statistical test further comprises calculating a mediafi and a 
variance of said 95th percentile over a predetermined fcelriod 

of time. s 

i 

! 
: 

13- An apparatus as claimed in claim 12 , wherein said 
predetermined period of time is longer than 10 minutes 

14. An apparatus as claimed in any one of claims 11 to l|3, 
wherein if the median of the 95th percentile is consistently 
below 3ms the fetal heart rate is classed as abnormal fend non- 
reactive, ; 



15. An apparatus as claimed in any one of claims 10 to 
wherein said means for using said residual -component j 
analysis of the fetal heart rate beat-to-beat variati 
adapted to indicate a significant reduction of fetal; 
reactivity given a recording of the median of the 95th 
percentile below 2.3 ms and the variance of the 95th | 
percentile below 0.1 over an extended period of time; 



forj 



Oil iis 



16. An apparatus as claimed in any one of claims 10 to 
wherein said means for using said residual component' 
analysis of the fetal heart rate beat-to-beat variation Is 
adapted to indicate a significant reduction of fetal 1 
reactivity given a recording of a decreasing trend of 
median of the 95th percentile over an extended perioci 



fori 



17. An apparatus as claimed in any one of claims 10 to 
wherein said means for using said residual component < ; 
analysis of the fetal heart rate beat-to-beat variation is 
adapted to exclude an abnormally low fetal heart rate 
variation if the median of the 95th percentile is cons 
above 3ms . 5 
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18. An apparatus as claimed in claim 10, wherein the| 
statistical test comprises monitoring of a short term J j.g 3- 
4ms, frequency distribution of the fetal heart rate reLidual 
component . ' 

3.9. An apparatus as claimed in claim 18, wherein if k iXL 
frequency distribution is less than 7% the fetal heartf rjaie is 
classed as non-reactive. : j 

I 1 
I 1 
I r 

20. A method for fetal monitoring comprising the steps of; 

a) determining a fetal heart development rate over timlj 

b) identifying a primary fetal heart rate component which is 
required to shift a volume of blood from the heart to Ehje 
cardiovascular system, _ 

c) subtracting the primary component from the determined fetal 
heart rate to determine a residual component; and \ 

d) using said residual component for analysis of the' flt'al 
heart rate beat-to-beat variation. , ; 

wherein the primary fetal heart rate component is 
identified through a polynomial curve fit approximatiol bf the 
fetal heart rate data, and by: 

(i) dividing the fetal heart rate data into periodl bf time 
of a predetermined size; and 

<ii) performing individual polynomial approximations I of the 
fetal heart rate data for each period of time. 



21. A computer program for executing the steps of clain 20 
when the programme is executed in a programmable apparatU 
according to claim 1. 



